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Abstract: Despite the ubiquity and importance of indigenous arbuscular mycorrhizal fungi (AMF) for plant 
ecosystems; functioning of indigenus mycorrhizal symbiosis (IMS) and related environmental factors at coastal 
Caribbean ecosystems remains still scarce. In order to determine functionality of IMS under contrasting land 
uses and wet seasons from Cuba, the influence of the water stress on some AMF functionality parameters from 
a semi-natural savannah (NS), a recovered savannah (RS) and an agro-ecosystem (AG) from the Managed 
Floristic Reserve San Ubaldo-Sabanalamar, Pinar del Rio, Cuba were assessed during two-years. Soil and root 
samples were collected in April and October, during the dry and wet seasons, respectively, in 2008 and 2010. 
Four plots in each ecosystem were selected, and five soil sub-samples were randomly collected, bulked, mixed 
homogeneously and used as the composite sample per plot. The host plant root biomass, arbuscular mycorrhi-
zal colonization of the host plant, density of the intraradical and extraradical AMF mycelia, fungal endophyte 
biomass and AMF spore density were assessed. The host plant root biomass increased in the NS environment 
during the dry season, and approximately 12.85g root/dm3 dry soil was recorded. The colonization degree were 
significantly higher in all environments during the wet season of the second year, with means ranging from 79% 
to 89%. The extraradical mycelia were significantly more abundant in the dry season of the second year in all 
environments, with a maximum of 279mg/dm3 in the RS ecosystem. The density of AMF spores was highest in 
the dry season of the second year for the three studied ecosystems. The RS ecosystem hosted 5 670 spores/100g 
dry soil. In general, the influence of rainfall seasonality on the function of AMF was stronger than the influence 
of ecosystem management. The root biomass and extraradical mycelia were high in the dry seasons, suggesting 
strategies to increase the volume of soil for the mutual benefit of the symbionts. The increase in spore density 
during the dry seasons appears as an adaptation allowing AMF to survive period of water shortage. This study 
improves our understanding of the adaptative responses of arbuscular mycorrhizal symbiosis to seasonal varia-
tions in soil water availability. Rev. Biol. Trop. 63 (2): 341-356. Epub 2015 June 01.
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The ubiquity and importance of arbuscular 
mycorrhizal fungi (AMF) for plant-root symbi-
osis has been well documented for agricultural 
soils (Covacevich, Echeverría, & Aguirrezabal, 
2007; Covacevich, & Echeverría, 2009; Oehl 
et al., 2009; Furrazola et al., 2011a; Herrera-
Peraza, Hamel, Fernández, Ferrer, & Fur-
razola, 2011) and semi-natural ecosystems 
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(Guadarrama, & Álvarez Sánchez, 1999; Lugo, 
& Cabello, 2002; Lovera, & Cuenca, 2007). 
Soil moisture (Anderson, & Dickman, 1984), 
organic matter and inorganic nutrient contents 
(Covacevich et al., 2007; Covacevich, Eyhe-
rabide, Sainz-Rozas, & Echeverría, 2012), and 
pH (Porter, Robson, & Abbott, 1987), among 
other soil factors, affect the distribution and 
functioning of AMF. In addition, seasonal 
water fluctuations also affect mycorrhizae 
dynamics (Guadarrama, & Álvarez Sánchez, 
1999; Lugo & Cabello, 2002; Lugo, González-
Maza, & Cabello, 2003). Many studies have 
been performed on the seasonal fungal commu-
nity abundance patterns and, more specifically, 
on the variation of AMF formation of spores 
(Lugo, & Cabello, 2002; Cuenca, & Lovera, 
2010; Becerra, Cabello, & Bartoloni, 2011). 
Furthermore, AMF spore production is associ-
ated with rainfall seasonality and host plant 
phenology (Sigüenza, Espejel, & Allen, 1996; 
Wilson, & Hartnett, 1997). 
Although the majority of reports are from 
studies in Europe and the United States and, 
to a lesser extent, South America, information 
about the functioning of indigenous AMF from 
coastal Caribbean ecosystems remains scarce 
(Corkidi, & Rincón, 1997; Alarcón, & Cuenca, 
2005). Although there are few reports regard-
ing the activity and diversity of AMF in areas 
of the savannah of America, Lovera & Cuenca 
(2007) reported the high diversity of AMF 
in the Gran Sabana, Venezuela. The authors 
also indicated that both the infectivity and 
abundance of the Gigaspora and Scutellospora 
genus were susceptible to environmental dis-
turbances. Furrazola et al. (2011b) also found a 
high AMF diversity in Cuba and reported a new 
species, Glomus crenatum, from Cuba. How-
ever, Turrini and Giovannetti (2011) stated that 
there is only limited information about AMF in 
protected areas from the Caribbean region. The 
San Ubaldo-Sabanalamar region, located in the 
Pinar del Río province of Cuba, belongs to the 
landscape Llanura Suroccidental of Pinar del 
Río. The geological emersion time, carbonated 
basement with karst process, combined with 
latitude, altitude, and W-E general disposition 
allow for differences in the solar light exposure, 
humidity, winds, and soil depth, which promote 
variable ecological conditions. As result of 
these conditions, a high diversity of ecotypes 
is found in this area, which determines specia-
tion processes and a high plant endemism. By 
contrast, the threatened flora of the Pinar del 
Río province in Western Cuba ascend to 346 
taxa, which represents approximately 10.55% 
from 3 278 vascular plants described in that 
province (Urquiola, González-Olia, Novo, & 
Acosta, 2010).
Rodríguez-Rodríguez (2013) and Rodrí-
guez-Rodríguez, Herrera and Furrazola, (2013) 
assessed the rate of mycorrhizal colonization 
as an indicator of unique mycorrhizal activity. 
They evaluated the mycorrhizal colonization 
rate in five host species belonging to Astera-
ceae during the rainy and dry seasons at the 
Managed Floristic Reserve. However, other 
variables, such as AMF hyphae proliferation 
and/or spore production, may also contribute 
to a greater understanding of the activity of 
mycorrhizae and their function in relation to 
ecosystems and environmental variables; how-
ever, this information remains unknown. The 
objective of this study was to determine the 
function of indigenous mycorrhizal symbiosis 
of soils from the Managed Floristic Reserve 
San Ubaldo-Sabanalamar at Pinar del Río 
province in western Cuba under contrasting 
land uses and during two contrasting seasons, 
the dry and wet seasons, for a two year period.
MATERIALS AND METHODS
Study site: This study was performed in 
the Managed Floristic Reserve San Ubaldo-
Sabanalamar, located in Pinar del Rio province, 
Western Cuba, the phytogeographic district of 
Sabana de Arenas Blancas (Samek, 1973) or 
Sabaloense (Borhidi, 1996). This reserve has 
5 212ha that groups an ecotope uncommon in 
the country, with a high percent of endemics 
and endangered plants according to the Inter-
national Union for the Conservation of Nature 
(IUCN). It is classified as a coastal plain fluvi-
al-marine accumulative deltaic and lacustrine. 
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The soils are Holocene sandy deposits that 
in Southwest and South are not related to the 
material that sustains it because they are formed 
by carbonated rocks from the Middle and High 
Miocene (Novo, Urquiola, & Ferro, 1984). 
The soils in the studied plots were a Haplic 
Arenosol, with a weighted average sandy loam 
texture according to the FAO (http://www.fao.
org/docrep/011/a0510s/a0510s00.htm). In this 
reserve, the semi natural savannah is predomi-
nant, which is on quartzite white sands with 
secondary vegetal formations (Ricardo, Her-
rera, Cejas, Bastart, & Regalado, 2009). 
The selected sites were as follows: i) 
a semi natural savannah (NS; 22°08’40’’4’’ 
N - 83°58’35’’2’’ W) with some degree of 
disturbance due to the low-intensive grazing 
of livestock; ii) a recovering savannah (RS; 
22°09’14’’5’’ N - 83°57’41’’6’’ W), after eight 
years without any agricultural disruption, previ-
ously used as nursery areas for Nicotiana taba-
cum L. (snuff); and iii) an agroecosystem of 
low input (AG; 22°09’36’’1’’ N - 83°58’43’’5’’ 
W), used for subsistence farming continually 
for a minimum of ten years.
The semi natural savanna is dominated 
by (results of this study) Stylosanthes humilis 
Kunth, Cynodon dactylon (L.) Pers., Pani-
cum erectifolium Nash, Sida brittonii León, 
Chamaecrista kunthiana (Schelcht., & Cham) 
H. S. Irwin & Barneby and Chamaecrista pyg-
maea (DC.) Britton var. savannarum (Britton) 
H.S. Irwin & Barneby during the wet period. 
During the dry season, the NS plant community 
is dominated by Scoparia dulcis L., Cynodon 
dactylon and Sida brittonii. In recovered savan-
na, Portulaca oleracea L., Panicum erectifo-
lium Nash, Cyperus esculentus L., and Mimosa 
pudica L. are the predominant species during 
the wet period. During the dry period, the plant 
dominance changes to Panicum erectifolium, 
Rhynchelytrum repens (Willd.) Hubbard and 
Mecardonia procumbens (Mill.) Small. The 
agroecosystem soils are dominated by Eleusine 
indica (L.) Gaertner, Brachiaria distachya (L.) 
Stapf, Echinochloa colona (L.) Link., Digitaria 
ciliaris (Retz.) Koeler, Eryngium nasturtifo-
lium Juss. and Heliotropium procumbens Mill., 
and the native crops are Musa paradisiaca L. 
(Banana), Zea mays L. (Maize) and Manihot 
esculenta Crantz. (Cassava), and Cucurbita 
pepo L. (Pumpkin).
Soil and plant sampling: The soil sam-
ples were collected on four days in April and 
October in 2008 and 2010. These sampling 
dates were selected to coincide with the end of 
the dry and wet periods, for April and October, 
respectively. For each sampling date and site, 
four replicate plots 1 000m2 (50×20m) were 
randomly set. Five soil cores (0.1×0.1m and 
0.2m depth) were collected at each plot and 
homogenized into a composite sample, totaling 
approximately 1kg of collected soil per plot. 
After collection, the samples were stored in a 
cooler with ice packs (4°C in the dark for12h) 
to slow the microbial activity. In the laboratory, 
the samples were stored at 4°C in the dark for 
24h until use. The samples were air-dried for 
72h in darkness, sieved (2mm) and stored at 
room temperature (24-27°C). 
For each of the twelve selected plots, five 
0.25m2 quadrants were randomly established 
and plants within the quadrats were photo-
graphed and identified. The percentage of soil 
coverage by each plant species was assessed 
according to Yang, Hamel, Schellenberg, Perez 
and Berbara (2010).
Soil analysis: About 1kg of soil from each 
plot was used to determine the pH using a con-
ductive glass electrode at a dilution of 1:2.5, 
organic matter content, using the Walkley-
Black method according to Jackson (1982), 
exchangeable cations by extraction with 1 
mol/L NH4 AC (pH 7) and determination by 
complexometric titration with EDTA for Ca 
and Mg and flame photometry for Na and K, 
and available P using extraction with 0.1 N 
H2SO4 by the method of Oniani according to 
INCA (1996). For gravimetric soil moisture 
(GSM), field-wet mass was measured. The 
samples were dried at 105°C for 48h and the 
GSM was calculated using the following equa-
tion: [(wet mass-dry mass)/(dry mass)×100] 
(Gardner, 1986). The bulk density (Blake & 
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Hartge, 1986) was determined by collecting 
5cm by 10.2cm cores, weighting the entire 
field-moist core, converting to a dry weight 
based on the GSM percentage, and dividing 
by the total volume of the soil in the core 
(200.2cm3).
Climate data: The white sandy areas of 
Western Pinar del Rio province belong to the 
thermoxerochimenic, mainly dry type climate, 
with three to four months of drought and annu-
al rainfall between 1 200-1 400mm, according 
to the bioclimatic map of the New Atlas of 
Cuba (Vilamajó, 1989). The climatic data were 
obtained from a certified meteorological station 
(Isabel Rubio), and the information was used to 
assess the two contrasting seasons (dry and wet 
seasons) under study.
Arbuscular mycorrhizal soil compo-
nents: The mycorrhizal components were 
determined according to Herrera-Peraza, Fur-
razola, Ferrer, Fernández-Valle and Torres-
Arias (2004). Sequential soil sample sieving 
(from 140 to 40µm mesh) allowed for the 
elimination of all clay, loam and humus par-
ticles smaller than 40µm. The final sample was 
clean and consisted of primarily raw humus 
particles larger than 40µm, sand and gravel, 
rootlets, mycorrhizal components and other 
living organisms. The rootlet biomass was 
also determined in all soil samples and used to 
determine the endophyte biomass (see below).
AMF root colonization: Arbuscular 
mycorrhizal colonization (MC) was assessed 
by the gridline-intersect technique (Giovannet-
ti, & Mosse, 1980) using a stereo microscope 
(CARL ZEISS-AXIOSKOP 2 Plus model) at 
×150 magnification. Additionally, the intensity 
of AMF root colonization in each root seg-
ment was scored based on the presence of the 
fungus in the entire fragment using categories 
from zero to five (Herrera-Peraza et al., 2004). 
It was expressed as a percentage of visual 
density (VD%) and constitutes a modification 
of the Trouvelot, Kough and Gianinazzi-Pear-
son (1986) method, in which the number of 
intersections for each category (from 0 to 5) is 
then multiplied by 0.0, 1.0, 2.5, 15.5, 35.5, and 
47.5%, which is the sum of all products divided 
by the total number of intersections. 
Estimation of the endophyte biomass of 
AMF: The endophyte biomass of AMF (ED) 
in colonized mycorrhizal roots was estimated 
according to Herrera-Peraza et al. (2004) using 
following equation:
ED = 
VD × RDW   (mg/dm3)
 100
where RDW and VD represent the root dry 
weight and visual density of the mycorrhizae, 
respectively. A better approach to estimate 
ED was obtained by estimating the proportion 
(%) of cortical tissue in the root length instead 
of the total weight of the roots according to 
Herrera-Peraza et al. (2004). The weight of 
the epidermal tissue plus the rootlet central 
cylinder, which is usually 80% of the total root 
dry weight, was subtracted from the known dry 
weight of the roots.
Extraradical AMF mycelial biomass: 
The extraradical AMF mycelial biomass was 
determined according to Herrera-Peraza et al. 
(2004), based on the Giovannetti and Mosse 
(1980) method. Aliquots of approximately 
40mg each dry soil sieved through 140 and 
40µm, were spread with two or three drops 
of glycerol over a glass slide. Subsequently, a 
22mm×22mm cover slip was placed carefully 
over the area containing the spread material 
to prevent the formation of air bubbles. Two 
aliquots were prepared for each fraction (140 
and 40µm). All of the intersections of hyphae 
crossing four lines under the cover slip (two 
vertical and two horizontal) were counted using 
100 to 200x magnifications with a compound 
microscope (CARL ZEISS model AXIOSKOP 
2 Plus). The four lines were revised in length 
and depth such that the entire layer of material 
under the cover slip was scanned. The obtained 
mean value from the four lines was then mul-
tiplied by 0.000745, which yields the weight 
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(mg) of the extraradical mycelium (EM) in 
each 40mg aliquot. The factor (0.000745) was 
estimated by multiplying the total number of 
lines in the 22×22 cover slip (20 lines) by the 
value of one intersection (1.57mm), and divid-
ing the product by the length of the hyphae in 
1mg EM (42 146.26mm) according to Herrera-
Peraza et al. (2004). The extrapolation of the 
average weight of the EM from the two ali-
quots of each dry sieving soil fraction (140 µm 
and 40µm) gave the total EM/100g soil.
According to these authors, the accuracy 
of this method was verified by cutting polyester 
threads of 630mm length and spreading it under 
the cover slip. The result of three enumerations 
gave an average of 643±16mm, a variation 
coefficient of 2.57%, and an overestimation 
of 2.06%. The arbuscular mycorrhizal hyphae 
were not stained and recognized by color, 
diameter, angular projections and absence of 
septa according to Herrera-Peraza et al. (2004)
AMF spore isolation and counting: 
Spores from the field soils were extracted by 
wet sieving (Gerdemann, & Nicolson, 1963). 
Approximately 100g air-dried soils were sus-
pended in 1L distilled water using a 2L beaker. 
The supernatant was decanted through sieves 
of 500, 140 and 40μm. The content of the 
500μm sieve, primarily debris, was observed 
under the stereo microscope, to check for 
the presence of sporocarps. Aliquots of 10% 
or 5% of the dry weight of the 40 to 140μm 
sieved soil, respectively, were collected and 
centrifuged (2 000rpm for 5min). The sediment 
was resuspended in 60% sucrose solution and 
centrifuged (2 000rpm for one min). The spores 
in suspension were filtered and counted using 
a stereo microscope to extrapolate this number 
to 100g of soil. The morphological properties 
of the spores and their wall structure were 
observed by mounting the spores in polyvinyl 
alcohol/lactic acid/glycerol (PVLG), and a mix-
ture of PVLG and Melzer’s reagent (1:1, v/v). 
The spores were microscopically examined and 
a brief taxonomic evaluation (mainly to a genus 
level) was conducted according to the http://
invam.wvu.edu/the-fungi/species-descriptions.
The Kolmogorov-Smirnov test was used 
to ascertain the normality of the data, and the 
Levene test was used to check the homogene-
ity of variances. The data on the spore density 
were log(x+1) transformed and the AMF colo-
nization and percentage of visual density were 
arcsin(x/100) transformed to meet the require-
ment of the analysis of variance (ANOVA). A 
two-way ANOVA was performed to test the 
significance of the factors periods (dry and 
wet) and ecosystems (NS, RS, AG). Principal 
component analysis was used to observe how 
the variables in this study interact in each 
ecosystem. To establish whether the spores 
produced were associated functionally with the 
extraradical mycelial biomass, a Pearson cor-
relation between the AMF spore numbers in the 
soil and arbuscular extraradical mycelial bio-
mass was also obtained. All statistical analyses 
were performed with INFOSTAT Version 2010 
(Di Rienzo et al., 2010).
RESULTS
Climatic conditions: The accumulated 
annual precipitation was 1 395.8 and 936.2mm 
for 2008 and 2010, respectively. The rainfall 
during the wet period of October 2008 was 
higher than normal, but lowers than normal 
in October 2010 (Fig. 1). During the dry 
periods of 2008 and 2010, the rainfalls were 
normal. The accumulated rainfall within three 
months before the end of each studied sea-
son were 167.1 and 117.7mm for the dry 
seasons of 2008 and 2010, and 861.5 and 
448.2mm for the wet seasons of 2008 and 
2010, respectively. The mean air temperature, 
which ranged from 20 to 25ºC, was historically 
normal for the dry (December-March) and wet 
(May-September) seasons.
Soils properties: The soil physical and 
chemical characteristics are shown in Table 1. 
The low organic matter and P contents, slightly 
acidic pH and low CEC recorded were typical 
for the studied ecosystem of quartzitic white 
sands. The more heavy soils (approximately 
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11% more dense), according to the bulk den-
sity, were found at the NS environment.
As expected, the soil moisture was higher 
for the wet seasons in the three studied eco-
systems (Fig. 2) compared to the dry seasons; 
however, the differences among the ecosystems 
were more evident in 2008. The AG ecosystem 
recorded the highest soil moisture in the wet 
season of 2008.
Arbuscular mycorrhizal soil compo-
nents: Root biomass: Although no signifi-
cant interactions between the ecosystems and 
seasons were found for the rootlet biomass 
(Table 2), for a better understanding of the 
results, we analyzed the rootlet biomass for 
each year, season and environment. The root 
biomass decreased quantitatively from the NS 
to RS and AG environment (Fig. 3a). The 
highest root production was found during the 
dry period in the NS ecosystem, but no dif-
ferences were found within seasons in the 
other environments.
AMF root colonization: Significant inter-
actions between the ecosystems and seasons 
were obtained for the MC, and the individual 
effect of each parameter was also significant 
(Table 2). The MC was lower in 2008 than 
2010 for all tested environments. In 2010, the 
Fig. 1. Temporal distribution of precipitation over the year, in 2008 and 2010 as compared to the last 10-year average (2001-
2010) in Sabanalamar, Pinar del Río province, Cuba.
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TABLE 1
Physico and chemical characteristics of the Sabanalamar soils
Soil properties
Environments
NS RS AG
pH (1:2 v/w) 5.10 5.10 5.90
CEC (cmol/kg) 13.90 14.10 14.40
P available (μg/g) 4.10 14.30 8.40
Organic matter (%) 1.71 1.83 1.49
Soil bulk density (g/cm3) 1.41 1.27 1.25
NS=semi natural savanna, RS=recovered savanna and AG=agroecosystem.
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MC was highest in the wet season at all tested 
environments (Fig. 3b).
Visual density of endophyte: Significant 
interactions between the ecosystems and sea-
sons were obtained for the VD% (Table 2). Sim-
ilar to the MC, the highest VD% was observed 
during the wet season in all environments dur-
ing 2010, whereas the lowest VD% occurred in 
the wet season of 2008 (Fig. 3c). The highest 
VD% value was in the NS environment in the 
wet season of 2010, whereas the lowest values 
were found in the AG environment in the dry 
season of 2008.
Extraradical mycelial biomass: Signifi-
cant interactions between the ecosystems and 
seasons were obtained for the extraradical 
mycelial biomass, and the individual effect of 
each parameter was also significant (Table 2). 
The extraradical mycelial biomass was highest 
in the dry season of all three environments in 
2010 (Fig. 3d). In 2008, there were no differ-
ences in the extraradical mycelial biomass in 
the wet season.
Arbuscular endophyte biomass: Signifi-
cant interactions occurred between the season 
and environment for the endophyte biomass 
(Table 2). The endophyte biomass was highest 
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Fig. 2. Soil gravimetric humidity content during the dry and rainy seasons in the studied ecosistems in Sabanalamar. 
NS=semi natural savanna, RS=recovered savanna and AG=agroecosystem.
TABLE 2
F-values of the ANOVA for the parameters evaluated
Seasonal period Ecosystem Interaction
Rootlets biomass 32.85*** 10.48*** 2.12n.s.
% AMF mycorrhizal colonization 37.87*** 29.48*** 11.80***
% Visual density AMF endophyte 0.15n.s. 14.80*** 24.38***
AMF endophyte biomass 0.34n.s. 36.41*** 5.17**
AMF extraradical mycelial biomass 15.15*** 6.08*** 10.75***
Extraradical mycelium:Endophyte ratio 3.84n.s. 38.03*** 8.68***
AMF spore density 8.38** 6.47*** 4.42**
n.s. not significant. *p<0.05, **p<0.01, ***p<0.001.
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Fig. 3. Seasonal variation in rootlet biomass (A), percentage of root colonization by AMF (B), visual density of root 
colonization by AMF (C), extraradical mycelium of AMF (D), endophyte biomass of AMF (E), Extraradical mycelial 
biomass/endophyte biomass ratio of AMF (F), and AMF spore number (G) in the studied ecosystems in Sabanalamar 
(means and 1 SE). NS=semi natural savanna, RS=recovered savanna and AG=agroecosystem, D=dry period, W=wet period, 
1=2008, 2=2010.
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in the NS ecosystem, mainly in the dry season 
of 2008, and was three-fold higher than the 
biomass in the wet season. There was a clear 
decrease of endophyte production in the RS and 
AG environments in the dry season (Fig. 3e). 
Extraradical mycelium endophyte bio-
mass ratio: A significant interaction was found 
between the season and environment for the 
extraradical mycelium/endophyte biomass 
ratio and the individual effect of the ecosystem 
was significant (Table 2). The extraradical 
mycelium/endophyte biomass ratio increased 
from NS to AG (Fig. 3f). When differences 
among the seasons were significant, the high-
est extraradical mycelium:endophyte biomass 
ratio was recorded for the dry season at the RG 
and AG ecosystems.
AMF spore number and determination: 
There was a significant interaction between 
the season and environment for endophyte 
biomass (Table 2). In general, the highest 
spore density was found at both the NS and 
RS environments, mainly in the dry season of 
2008, as well as in the AG environment of 2010 
(Fig. 3g). Although significant, the relationship 
between the AMF extraradical mycelial bio-
mass and the spore density was low (r=0.56, 
Pearson, p<0.05) and not explanatory (data 
not shown). At the NS environment, 20 AMF 
species were found, whereas 19 and 21 species 
were observed at the RS and AG environments, 
respectively (Table 3).
Ecosystem relationship based on ana-
lyzed mycorrhizal variables: Principal 
component analysis was performed on mycor-
rhizal variables for the two years evaluated, 
and showed that Axes 1 and 2 accounted for 
49.1 and 33.3%, respectively, of the variabil-
ity among the studied ecosystems (Fig. 4). 
In 2008, there was a tendency for the season 
(dry and wet) to cluster together with the year 
for all tested parameters, explaining the AMF 
functioning. In the environment RS, a certain 
degree of clustering occurred in the rainy sea-
son, and the AG environment showed cluster-
ing with the extraradical mycelium:endophyte 
biomass ratio (Fig. 4).
Fig. 4. Ordination of the dimensional variables from the different ecosystems and the two-year periods studied. 
Coefficient of cophenetic correlation=0.947. RB=Rootlets biomass, %MC=Percentage of mycorrhizal colonization, 
EM=extraradical mycelial biomass, End=endophyte, EM:End=extraradical mycelium: endophyte ratio. NS=semi natural 
savanna, RS=recovered savanna and AG=agroecosystem, D=dry period, W=wet period, 1=first year of sampling i.e. 2008, 
2=second year of sampling i.e. 2010.
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DISCUSSION
The soil physico-chemical properties for 
the late April and October sampling dates were 
similar for both periods. Soils were charac-
terized by low mineral content, low cation 
exchange capacity and low levels of organic 
matter, which are typical of the quartzitic sandy 
soils of the Pinar del Rio province. Similar 
results were obtained by Urquiola et al. (2010) 
and Villate, Herrera, Urquiola and Ricardo 
(2010). The soil moisture was higher in April 
than in October of 2010, following the nor-
mal pattern of seasonal variation in the Pinar 
del Rio province, where a cool early summer 
characterized by soil moisture sufficiency is 
followed by a warm and dry period. However, 
during the first sampling of the rainy season 
(year 2008), unusually high soil moisture con-
tent was found in relation to the dry season of 
the same year and the wet season of 2010. This 
may be due to flooding in the area caused by 
the hurricanes Gustav and Ike in September 
of that year, which had a cumulative average 
monthly rainfall of 483mm.
Although the results were not consistent 
for all ecosystems, seasons and years, a general 
trend towards greater development of rootlets 
biomass in the dry periods (mainly at the less 
disturbed ecosystem (NS)) was recorded. This 
is consistent with results by Hernández and 
TABLE 3
AMF species found at three studied ecosystems
Environments AMF species 
NS 
(20 AMF species)
Acaulospora (two morpho-species) and A. laevis Gerd. & Trappe, A. mellea Spain & N.C. Schenck, 
A. morrowiae Spain & N.C. Schenck
Ambispora appendicula (Spain, Sieverd. & N.C. Schenck) C. Walker
Funneliformis halonatus (S.L. Rose & Trappe) Oehl, G.A. Silva & Sieverd
Fuscutata heterogama Oehl, F.A. Souza, L.C. Maia & Sieverd
Gigaspora decipiens I.R. Hall & L.K. Abbott
Glomus (seven morpho-species) and G. clarum T.H. Nicolson & N.C. Schenck, G. glomerulatum 
Sieverd., G. macrocarpum Tul & C. Tul., Glomus pachycaule (C.G. Wu & Z.C. Chen) Sieverd. & 
Oehl
RS
(19 AMF species)
Acaulospora (three morpho-species)
Ambispora appendicula (Spain, Sieverd. & N.C. Schenck) C. Walker, A. callosa C. Walker, 
Vestberg & A. Schüssler 
Funneliformis,(1 morpho-species)
Fuscutata heterogama Oehl, F.A. Souza, L.C. Maia & Sieverd
Gigaspora decipiens I.R. Hall & L.K. Abbott
Glomus (six morpho-species) and G. clarum T.H. Nicolson & N.C. Schenck, G. glomerulatum 
Sieverd., G. pachycaule (C.G. Wu & Z.C. Chen) Sieverd. & Oehl, Glomus sinuosum (Gerd. & B.K. 
Bakshi) R.T. Almeida & N.C. Schenck
Pacispora (one morpho-species)
AG
(22 AMF species)
Acaulospora (three morpho-species)
Kuklospora kentinensis (C.G. Wu & Y.S. Liu) Oehl & Sieverd
Funneliformis (one morpho-species) and F. mosseae (T.H. Nicolson & Gerd.) C. Walker & A. 
Schüssler
Glomus (six morpho-species) and G. clarum T.H. Nicolson & N.C. Schenck, G. glomerulatum 
Sieverd., G. intraradices N.C. Schenck & G.S. Sm., G. macrocarpum Tul & C. Tul., Glomus 
pachycaule (C.G. Wu & Z.C. Chen) Sieverd. & Oehl, Glomus sinuosum (Gerd. & B.K. Bakshi) 
R.T. Almeida & N.C. Schenck
Racocetra alborosea (Ferrer & R.A. Herrera) Oehl, F.A. Souza & Sieverd
Scutellospora aurigloba (I.R. Hall) C. Walker & F.E. Sanders
Septoglomus deserticola (Trappe, Bloss & J.A. Menge) G.A. Silva, Oehl & Sieverd
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Fiala (1992) for a savannah dominated by 
Paspalum notatum Flügge and by Hernández, 
Rodríguez, Crespo, Sandrino and Fraga (2011) 
for various grasslands at Mayabeque province 
(Cuba). The highest production of small roots 
during the dry period may be explained by 
the adaptive response of certain plants that 
develop deeper root systems to access water in 
the dry season (Nepstad et al., 1994). Studies 
by Hernández & Sánchez (2012) found that 
soil moisture plays an important role in the 
production of fine roots in forest systems. It is 
known that sandy soils have low water storage 
capacity. In our study, the proportion of sand in 
the soils was high and soil moisture may have 
been low, particularly in the dry season. Plants 
obtain more water by allocating more energy 
to root development, which could contribute 
to promote plant diversity. In our study, this 
phenomenon was more evident at the NS eco-
system, where plant diversity was higher than 
in the RS and AG ecosystems.
The estimation of mycorrhizal coloniza-
tion is a useful parameter of rapid evaluation 
because it shows the correlation of the growth 
responsiveness of AMF to all treatments com-
binations (Covacevich, & Echeverria, 2010). 
Despite some inconsistencies in the evaluated 
ecosystems, seasons or years, in general, great-
er root mycorrhizal colonization was observed 
in the wet periods, mainly 2010. This trend is 
also valid for April of 2008, when the high-
est values of mycorrhizal colonization were 
obtained, was a wetter month than traditionally 
observed, as the values of rainfall for January, 
March and April of 2008 averaged 56mm as 
opposed to 39mm average for the same period 
in 2010 and 45mm average for the last 10 years 
in that region.
Apple et al. (2005) and Cuenca and Lovera 
(2010) also reported higher mycorrhizal coloni-
zation of plant roots in the rainy period in other 
tropical and desert environments. Most sea-
sonal studies focus on representative plant spe-
cies rather than the entire plant community as 
indicated by Mandyam & Jumpponen (2008). 
In this respect, Sanders and Fitter (1992) sug-
gested that it is essential to follow the seasonal 
dynamics of AMF in entire plant communities 
and emphasize that true seasonal patterns can 
be observed when colonization levels are fol-
lowed for more than a year. The results of our 
study were obtained from roots of the entire 
plant communities from three contrasting eco-
systems. Therefore, the mycorrhizal activity 
parameters obtained may be representative of 
the AMF host community of the ecosystems, 
and not only associated with a host species. 
DeMars and Boerner (1995) found seasonal 
variations in mycorrhizal development in some 
herbaceous species and suggested that plants 
with long root life cycles typically exhibit 
persistent mycorrhizal colonization that varies 
seasonally, as observed in our study. The high 
colonization rates found in our study (over 50% 
for all sampling dates) are consistent with the 
report of Read, Koucheki and Hodgson (1976). 
In environments where competitive situations 
prevail, species are strongly mycorrhizal and 
values of mycorrhizal colonization are usually 
higher than 50%.
The lowest values of AMF root coloniza-
tion in the three ecosystems during the first 
rainy season (year 2008) may be due to flood-
ing in the area caused by unusual rain. It is 
known that the study area is prone to seasonal 
flooding, which was severe in 2008. Typi-
cally, decreased levels of oxygen in soils are 
attributed to high soil water content. This may 
adversely affect root growth and the growth of 
aerobic microorganisms, such as AMF (Miller, 
2000; Bohrer, Friese, & Amon, 2004). Conse-
quently, the low root colonization level found 
during the wet season (2008 year) in our study 
is unusual. Anaerobic conditions created by 
flooding may explain the unexpectedly low 
levels of mycorrhizal colonization that we 
observed during the rainy season of 2008.With 
lower soil moisture content (year 2010), the 
highest levels of mycorrhizal colonization were 
recorded during the wet season. Therefore, we 
hypothesize that normal water content in the 
soil favors mycorrhizal symbiosis formation.
Adaptation to environmental conditions 
may occur within an AM fungal community or 
within a mycelium, and alternatively, different 
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temporal pattern of sporulation of AMF may 
be found, as reported by Yang et al. (2010). 
The higher extraradical mycelium biomass 
and the high AMF sporulation recorded in the 
dry period of 2010, may be strategies to obtain 
water and develop resistant structures to sur-
vive adverse conditions. Similar trends have 
been reported by Lugo, Anton and Cabello 
(2005) and Oehl et al. (2009). In addition, 
Fitter (1987) established that under growth 
conditions characterized by moisture deficits 
(in our study low precipitation occurred from 
September to October in 2010, which was 
significantly lower than historical values), the 
cost to produce rootlets is greater than the cost 
to produce or sustain extraradical hyphae. This 
may explain the abundance of mycelium in all 
three ecosystems during the dry season. The 
highest density of AMF spores observed in 
the dry period in our study is consistent with 
other reports (Guadarrama, & Álvarez-Sán-
chez, 1999; Lugo, & Cabello, 2002; Cuenca, 
& Lovera, 2010). Bever (1994) also found that 
in tropical ecosystems, rains favor AMF spores 
germination, thereby decreasing their presence 
in soil during wetter seasons. The results of 
the brief taxonomic determination indicate no 
differences between AMF diversity among 
the tested environments. Future studies should 
further expand taxonomic determinations to the 
species level.
Our measurements of AM endophyte bio-
mass correspond to measurements made by 
others. Morales (1995) quantified endophyte 
biomass between 7 and 198mg/dm3 of soil in 
some agroecosystems with traditional manage-
ment, but in different successional stages in the 
paramo of Gavidia, Venezuela. Herrera-Peraza 
& Furrazola (2003) reported values between 
57 and 91mg/dm3 of soil in six different suc-
cessional plots at the evergreen forest located 
in the Biosphere Reserve Sierra del Rosario, 
Cuba, whereas Furrazola (2003) observed val-
ues up to 97mg/dm3 of soil in different Venezu-
elan and Cuban ecosystems belonging to the 
paramos, the savannas and the evergreen forest 
in both countries.
Herrera, Rodríguez, Orozco, Furrazola 
and Ferrer (1988) identified the relationship 
between extraradical mycelial and endophyte 
biomasses as a measure of the mutualistic level 
of AM symbiosis. Values greater than unity 
suggest a parasitic phase of symbiosis and 
the likelihood of nutrient excess or nutritional 
imbalances in the substrate (Bowen, 1985), 
poor light or unfavorable soil pH (Herrera et 
al. 1988). The highest extraradical mycelial 
biomass:endophyte biomass ratio of AMF in 
the AG ecosystem, regardless of the season 
analyzed, supports our hypothesis that there 
is a disruptive effect of this human activity on 
the arbuscular mycorrhizal symbiosis. We con-
clude that agricultural activities, such as tillage, 
erosion, high levels of nutrients (particularly 
P) and frequent fallow periods decrease the 
abundance of AMF propagules, such as spores 
and infective mycelium (Karasawa, & Takebe, 
2011; Schnoor, Lekberg, Rosendahl, & Ols-
son, 2011). Furthermore, it has been proposed 
by Johnson, Graham and Smith (1997) that 
mycorrhizal associations could be considered 
symbioses that functionally range along a 
continuum of parasitism to mutualism and 
that environmental conditions, particularly the 
abundance of soil nutrients, could determine 
the position of AMF along that continuum. The 
highest values of this relationship during the 
drier season of 2010 could be a response to an 
extremely dry environment, which may inhibit 
the expression of a mutualistic relationship as 
reported by Yang et al. (2010).
In 2010, the dry period increased the extr-
aradical mycelial biomass/endophyte biomass 
ratio, and spore density, as reported earlier by 
Oliveira (2001) and He, Mouratov and Stein-
berger (2002). Higher soil moisture content 
during the rainy season increased the percent-
ages of mycorrhizal root colonization, visual 
density and arbuscular mycorrhizal endophyte 
biomass in 2010 in the three ecosystems.
In conclusion, we report for the first time 
the seasonality of root colonization, produc-
tion of soil extraradical mycelial biomass and 
spores by AMF in this type of ecosystems. A 
high number of endemic and endangered plants 
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were studied in this experiment, but much has 
yet to be learned about the nature of mycorrhi-
zal function at the ecosystem level. The results 
of this study indicate that the function of AMF 
indigenous to the Managed Floristic Reserve 
San Ubaldo-Sabanalamar (Pinar del Rio, Cuba) 
varies depending on environmental factors, 
particularly the timing of rainfall events and 
soil moisture.
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RESUMEN
Funcionalidad de hongos micorrízicos arbuscu-
lares en tres comunidades vegetales de la Reserva Flo-
rística Manejada de San Ubaldo-Sabanalamar, Cuba. 
En el presente estudio se evaluó, durante dos años, la 
influencia de los períodos seco y lluvioso sobre el funcio-
namiento de hongos formadores de micorrizas arbusculares 
(HFMA) simbiontes de plantas nativas de una sabana semi 
natural, una sabana recuperada de la actividad agrícola y un 
agroecosistema, ubicados en la Reserva Florística Mane-
jada San Ubaldo-Sabanalamar, Pinar del Río, Cuba. Se 
recolectaron muestras de suelo en abril y octubre (período 
seco y húmedo de 2008 y 2010, respectivamente). Dentro 
de cada ecosistema se seleccionaron cuatro parcelas y se 
recolectaron cinco submuestras al azar, las que fueron 
homogeneizadas para formar una muestra compuesta por 
parcela. Se cuantificó la biomasa de raicillas, la coloniza-
ción micorrízica de las plantas hospedadoras en el campo, 
el micelio extrarradical, el micelio endófito y la densidad 
de esporas. La biomasa de raicillas en la sabana semi natu-
ral incrementó durante los períodos secos, la cual alcanzó 
hasta 12.85 g/dm3 de suelo. En todos los ecosistemas, la 
mayor colonización micorrízica ocurrió en la época lluvio-
sa del segundo año con valores que oscilaron entre 79 y 89 
%. Las mayores biomasas de micelio externo fueron regis-
tradas en los tres ecosistemas durante el período seco del 
segundo año, con un valor máximo de 279 mg/dm3 de suelo 
en la sabana recuperada. La mayor densidad de esporas de 
HFMA fue determinada en el periodo seco del segundo 
año para los tres ecosistemas estudiados, con el valor más 
alto en la sabana recuperada con 5 670 esporas/100 g de 
suelo seco. De manera general, se evidenció un efecto de 
la estacionalidad de la lluvia más que del manejo de eco-
sistema sobre el funcionamiento de los HFMA. La mayor 
actividad colonizadora se evidenció en períodos húmedos, 
mientras que mayor biomasa de raicillas y micelio externo 
durante los períodos secos, lo que sugiere estrategias de 
incremento del volumen del suelo explorado por parte de 
los HFMA como de las plantas hospedadoras. La prolife-
ración de esporas evidenció la formación de estructuras de 
resistencia de los HFMA ante condiciones adversas. Los 
resultados obtenidos pondrían en evidencia la plasticidad 
de la simbiosis micorrízica ante variaciones en la disponi-
bilidad de agua. 
Palabras clave: hongos micorrízicos arbusculares, sabana, 
estaciones seca y lluviosa.
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